where C u is concentration of analyte in the oil CRMs, F ana0 is introduced as a factor of repeatability of whole analysis (value: unity), R 0 is R sample / R cal , (R sample , ratio of peak areas of analyte / surrogate observed for the sample solution; R cal , ratio of peak areas of analyte / surrogate observed for the calibration solution), R b is R blk / R calb , (R blk , ratio of peak areas of analyte / surrogate observed for the blank solution (If blank peak is smaller than the limit of detection estimated from the procedural blank test (LOD blank ), LOD blank /2 is used. If the limit of detection estimated from the noise near target compounds on the chromatogram of the base oils (LOD base ), LOD base /2 is used. LOD is concentration which gives peak height corresponding to S/N=3. The blank analyses were performed three times.); R calb is ratio of peak areas of analyte / surrogate observed for the calibration solution), C nat is concentration of analyte in the standard solution, M sur(sample) is mass of the surrogates solution added to the sample, F dilsur is dilution factor of the high concentration surrogates solution preparation, f dilsur is dilution factor of the low concentration surrogates solution preparation, M sample is mass of the sample taken for analysis, M nat(cal) is mass of the standard solution of analytes taken for preparation of the calibration solution, M sur(cal) is mass of the undiluted surrogates solution taken for preparation of the calibration solution. The results (averages of five independent analyses of samples taken from randomly selected ampoules;
result of each sample was average of the two GC/MS measurements) are shown in Table 2 .
The results of direct analyses (five independent analyses of samples taken from randomly selected ampoules and two GC/MS measurements for each sample as described above) of the PCB fortified CRMs (Method A-1 to D-5 in Table 1 and Supplemental Table 3 ) were also calculated by the Eq. 1 (without f dilsur ).
b. Undetectable PCB congeners: Their signal-noise ratios (S/N) of the GC/MS signals were lower than 3 or were not higher than the signals obtained from procedural blank tests significantly. The ranges of concentrations equivalent to the respective LOD values (LOD blank or LOD base , as described above) are shown in Table 2 and Supplemental Table 4 as the analytical results (average of randomly selected three data of five independent analyses of samples taken from randomly selected ampoules) .
2) CRM 7902-a and CRM7904-a (PCB fortified oil CRMs)
Each certified value was calculated from PCB concentrations in the diluted PCB root solution determined by the direct ID-GC/MS methods, PCB concentrations in the matrices (CRM 7903-a and CRM 7905-a) and dilution factors (mass ratios) for the preparations.
where C f is concentration of analyte in the PCB-fortified CRMs, F prep is correction factor of PCB spiking (dilution factor from the PCB root solution to the mineral oil CRM / dilution factor from the PCB root solution to the diluted PCB solution), M pn is mass of the sample (the diluted PCB solution) taken for analysis, M sur(pn) is mass of the surrogates solution added to the sample. Because relatively small amount (ca. 1/1000) of the PCB root solution was added to the oil matrix, and C u is much smaller than C f , no factor was not multiplied to C u . Uncertainty of F prep includes uncertainty associated with weighing and with repeatability of preparation (gravimetric mixing of the PCB root solution and the base oils; n=4). For the repeatability test, small scale (1/20) preparations were repeated three times, the results were combined to analytical result of the actual CRM preparation. The analytical results (three independent GC/MS measurements of the diluted PCB root solution) are shown in Table 1 and Supplemental Table 3 .
Homogeneity study
The between ampoule homogeneity of the PCB-fortified mineral oil CRMs (CRM 7902-a and CRM 7904-a) was assessed by determining PCB28, PCB153, and PCB194 in three sub-samples taken from ten ampoules randomly selected from the lot of 600 ampoules. In the cases of the non-fortified mineral If the repeatability of the measurement method was insufficient, the influence of analytical variation on the standard deviation between units u bb was calculated and used to estimate inhomogeneity [1, 2] . uncertainty due to characterization (u(char)) and material (between ampoule) inhomogeneity (u(bb)) as described above. The u(bb) (s bb or u bb ) was estimated by the homogeneity study in the previous section.
The u(char) was a combination of common factor among the analytical methods, u(C com ); analytical method-specific component of uncertainty, u(C wm ) ( The analytical results in Tables 1, 2 and Supplemental Table 3 were combined to provide certified values. Components of the uncertainty of each value are listed in Supplemental Tables 5-7 .
Information values for PCB homologues and density
The mass fractions of PCB homologues were the results of analysis by the Japanese official method for the determination of PCBs in waste [4] . Three analyses of samples taken from different ampoules, and two measurements of each treated sample in three different GC/MS conditions (Method 1, 2 and 6;
in Supplemental Tables 1 and 2) were performed. The relative standard deviations and the uncertainties associated with sample inhomogeneity were combined, and multiplied by the coverage factor (k=2) to estimate uncertainties of the information values, concentrations of PCB homologues in the CRMs. For calculation of homologue concentrations, we assumed that response factors of PCB isomers in each homologue group were same to one of the isomer used for the calibration solution. Because it is possible that the response factors change depending on GC/MS conditions, the information values were calculated from data obtained from three GC/MS conditions (Supplemental Tables 1, 2, 8-10). In the case of CRM 7903-a, the results of the procedural blank tests (Supplemental Table 9 ) were subtracted from the results of sample analyses. Differences between the analytical results obtained by each GC/MS method were much larger than ones of PCB congeners obtained by the isotope-dilution technique.
Uncertainties of the information values were combination of standard deviations of the data obtained by the methods, and uncertainties due to between-ampoule inhomogeneity, u(bb).
Information values for density were determined by measurements of mixed sample taken from three (CRM 7903-a or CRM 7905-a) or four (CRM 7902-a or CRM 7904a) ampoules randomly selected from the lot of 600 ampoules with an oscillational density meter, DMA5000EX (Anton Paar, Graz, Austria).
The measurements were repeated three times for each temperature. The values at room temperature are shown in Supplemental Table 11 . Repeatability of the measurements was smaller than 0.001% (RSD). The unit of values is μg kg -1
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Uncertainties are u(C ind ) (uncertainties associated with each analytical method: G-1 to G-5) or standard deviation (method A-1 to E-5)
The numbers of analytical methods (pretreatment-GC/MS) were shown in Fig. 1 .
NM: not measured.
The analytical results were obtained from three independent GC/MS measurements of the diluted PCB root solution (Method G-1 to G-5) or five independent analyses of samples (Method A-1 to D-5). The numbers of analytical methods (pretreatment-GC/MS) were shown in Fig. 1 .
The results were obtained from randomly selected three data of five independent analyses of samples. The unit of values is μg kg -1
Uncertainties are standard deviations.
The numbers of analytical methods were shown in Fig. 1 .
* not used for the information values
The results were obtained from three independent analyses of samples taken from randomly selected ampoules. Uncertainties are standard deviations.
ND: not detected
The results were obtained from three independent analyses. 
